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SUPPLEMENTARY  LIST  OF  PERMISSIBLE  EXPLOSIVES. 

The  following  list  contains  the  names  of  all  permissible  explosives 
tested  by  the  Bureau  between  March  1  and  July  1,  1915. 

Permissible  explosives  tested  prior  to  March  1,  1915,  are  listed 
in  Technical  Paper  100.  The  definition  of  a  permissible  explosive 
and  information  on  the  classes  and  brands  of  those  permissible 
explosives  tested  prior  to  March  1,  1915,  are  given  in  Technical 
Paper  100,  as  are  the  unit  deflective  charge  (which  represents  in 
a  way  the  "coal-getting"  strength  of  the  explosive),  the  rate  of 
detonation,  and  definitions  of  the  classes  of  permissible  explosives. 

Permissible  explosives  tested  between  Mar.  1  and  July  1,  1915. 


Brand. 

Class  desig- 
nation. 

When  used 
with  detona- 
tors, preferably 
electric  deto- 
nators, of  not 
less  efficiency 
than— 

Unit  de- 
flective 
charge. 

Ritiimim'tR  \n.  S-T,.  V                                      ,  ,          .    , 

Class  4 

No.  6  

Grams. 
303 

do 

....  do... 

299 

..  do 

253 

Class  4... 

...do 

291 

do 

..  do 

309 

Brand. 


Bituminite  No.  8-L.  F 

Cameron  mine  powder  No.  5-A 

Tunnelite  A  A 

Tunnelite  No.  3 

Tunnelite  No.  4 


Rate  of  deto- 
nation in  l\ 
by  8  inch 
cartridge. 


Feet 

per 

second. 


Meters 

per 
second. 


'.>,:;oii      l\-'u 
8,900  |    2,712 


7,690 

10,110 
10, 020 


2,346 

3,083 
3,238 


Manufacturer. 


Jefferson     Powder    Co., 

Birmingham,  >la. 
Cameron  Powder  Manu- 
facturing  Co.,    Empo- 
rium, Pa. 
G-.  B.  McAbeo  Powder  & 
Oil  Co.,  Pittsburgh,  Pa. 
Do. 
Do. 
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PERMISSIBLE  EXPLOSIVES  TESTED  PRIOR  TO  MARCH  1, 

1915. 


By  Spencer  P.  Howell. 


GENERAL  STATEMENT. 

The  table  following  contains  the  brand  names  of  all  explosives 
now  considered  to  be  permissible  explosives  that  were  tested  by  the 
Bureau  of  Mines  prior  to  March  1,  1915. 

Further  information  on  permissible  explosives  may  be  found  in 
Bureau  of  Mines  publications,  as  follows:  Miners'  Circular  6,  "Per- 
missible Explosives  Tested  Prior  to  January  1,  1912,  and  Precau- 
tions to  be  Taken  in  Their  Use,"  gives  the  precautions  to  be  observed 
in  the  handling,  storage,  and  use  of  permissible  explosives;  Schedule  1 
(September,  1913),  "Fees  for  Testing  Explosives,"  gives  the  condi- 
tions under  which  Bureau  of  Mines  tests  of  explosives  will  be  made 
and  the  test  requirements  of  permissible  explosives;  Bulletin  15, 
"Investigations  of  Explosives  used  in  Coal  Mines,"  and  Bulletin  66, 
"Tests  of  Permissible  Explosives,"  describe  the  physical  tests  of 
most  of  the  permissible  explosives  herein  listed,  and  the  apparatus 
used  in  the  tests;  and  Bulletin  17,  "A  Primer  on  Explosives  for  Coal 
Miners,"  Bulletin  10,  "The  Use  of  Permissible  Explosives,"  Bulletin 
80,  "A  Primer  on  Explosives  for  Metal  Miners  and  Quarrymen,"  and 
Miners'  Circular  7,  "The  Use  and  Misuse  of  Explosives  in  Coal  Min- 
ing," discuss  the  storing,  handling,  and  use  of  permissible  explosives. 

There  were  116  explosives  on  the  permissible  list  on  January  1, 
1914.  During  the  succeeding  14  months  19  explosives  were  added  to 
the  list  and  6  explosives  were  dropped,  hi  most  instances  because  the 
manufacturer  no  longer  desired  to  market  them,  and  are  no  longer 
denominated  permissible  explosives.  The  present  list  takes  the 
place  of  all  preceding  lists  and  includes  a  total  of  129  explosives. 

DEFINITION  OF  PERMISSIBLE  EXPLOSIVE. 

An  explosive  is  called  a  permissible  explosive  when  it  is  similar 
in  all  respects  to  the  sample  that  passed  certain  tests  by  the  United 
States  Bureau  of  Mines,  and  when  it  is  used  in  accordance  with  the 
conditions  prescribed  by  this  bureau. 


6 
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But  even  the  explosives  that  have  passed  those  tests  and  are 
named  in  this  list  as  permissible  explosives  are  to  be  considered  as 
permissible  explosives  only  when  used  under  the  following  conditions : 

1.  That  the  explosive  is  in  all  respects  similar  to  the  sample  sub- 
mitted by  the  manufacturer  for  test. 

2.  That  detonators — preferably  electric  detonators — are  used  of 
not  less  efficiency  than  those  prescribed,  namely,  those  consisting 
by  weight  of  90  parts  of  mercury  fulminate  and  10  parts  of  potassium 
chlorate  (or  their  equivalents). 

3.  That  the  explosive,  if  frozen,  shall  be  thoroughly  thawed  in 
safe  and  suitable  manner  before  use. 

4.  That  the  quantity  used  for  a  shot  does  not  exceed  1^  pounds 
(680  grams) ,  and  that  it  is  properly  tamped  with  clay  or  other  non- 
combustible  stemming. 

It  must  not  be  supposed  that  an  explosive  that  has  once  passed 
the  required  tests  and  has  been  published  in  fists  of  permissible 
explosives  is  always  thereafter  to  be  considered  a  permissible  explo- 
sive, regardless  of  its  condition  or  the  way  in  which  it  is  used.  Thus, 
for  example,  an  explosive  named  in  the  permissible  list,  if  kept  in  a 
moist  place  until  it  undergoes  a  change  in  character,  is  no  longer  to 
be  considered  a  permissible  explosive.  If  used  in  a  frozen  or  partly 
frozen  condition,  it  is  not  when  so  used  a  permissible  explosive.  If 
used  in  excess  of  the  quantity  specified  (1^  pounds),  it  is  not,  when 
so  used,  a  permissible  explosive.  And  when  the  other  conditions 
have  been  met,  it  is  not  a  permissible  explosive  if  fired  with  a  deto- 
nator of  less  efficiency  than  that  prescribed. 

Moreover,  even  when  all  the  prescribed  conditions  have  been  met, 
no  permissible  explosive  should  necessarily  be  considered  as  being 
placed  'permanently  on  the  permissible  list,  for  the  bureau  reserves 
the  right,  on  fuller  information  concerning  the  conditions  which  lead 
to  safety,  to  revise  this  list,  but  any  permissible  explosive  when  used 
under  the  prescribed  conditions  may  properly  continue  to  be  con- 
sidered a  permissible  explosive  until  notice  of  its  withdrawal  or 
removal  from  the  list  has  been  officially  published,  or  until  its  name 
is  omitted  from  a  later  list  published  by  the  Bureau  of  Mines. 

Furthermore,  the  manufacturers  of  a '  permissible  explosive  may 
withdraw  it  at  any  time  when  introducing  a  new  explosive  of  superior 
qualities.  And  after  further  experiments  and  conferences  the 
Bureau  of  Mines  may  find  it  advisable  to  adopt  additional  and  more 
severe  tests  to  which  all  permissible  explosives  may  be  subjected, 
in  the  hope  that  through  the  use  of  such  explosives  only  as  may  pass 
the  more  severe  tests  the  lives  of  miners  may  be  better  safeguarded. 
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UNIT  DEFLECTIVE  CHARGE  AS  DETERMINED  BY  THE  BALLISTIC 

PENDULUM. 

The  figures  in  the  fourth  column  of  the  table  show  the  weight  in 
grams  of  the  quantity  of  explosive  that  is  required  to  swing  the 
pendulum  mortar  the  same  distance  as  one-half  pound  (227  grams) 
of  the  standard  40  per  cent  "straight"  nitroglycerin  dynamite  of  the 
Pittsburgh  Testing  Station.  Many  observers  have  expressed  the 
opinion  that  the  " coal-getting"  strength  of  permissible  explosives 
is  represented  better  by  the  results,  of  this  test  than  by  the  results 
of  any  other  single  test  yet  devised.  The  reader  should  note  that 
the  results  do  not  take  into  consideration  whether  the  coal  when 
shot  down  is  fine  or  coarse. 

THE  RATE  OF  DETONATION. 

The  table  shows,  in  feet  per  second  and  meters  per  second,  the 
relative  velocity  of  detonation  of  the  explosives.  The  adaptability 
of  a  permissible  explosive  to  a  particular  coal-mining  condition 
depends  greatly  on  its  rate  of  detonation.  For  certain  work  in 
which  a  shattering  effect  is  desired,  as  in  driving  through  or  "brush- 
ing" rock,  or  in  producing  coal  for  coke  making,  the  explosive  reac- 
tion should  be  rapid,  and  for  such  work  permissible  explosives  having 
a  high  rate  of  detonation  should  be  selected.  Similarly,  for  shooting 
down  a  soft  friable  coal  to  produce  lump  or  steam  coal,  a  permissible 
explosive  should  be  selected  that  detonates  slowly  and  hence  gives 
a  more  prolonged  pressure.  In  medium  hard  coal  ao  explosive 
having  an  intermediate  rate  of  detonation  may  be  expected  to  be 
most  suitable. 

Although  these  relations  usually  hold,  they  do  not  always,  because 
coals  differ  in  hardness  and  coal  beds  differ  in  the  number  and  posi- 
tion of  the  joints,  partings,  and  shale  bands.  Such  facts  have  to  be 
considered  in  selecting  an  explosive  for  mining  coal. 

An  explosive  having  a  very  low  rate  of  detonation  is  not  always 
the  best  for  mining  a  soft  friable  coal,  because  some  of  its  energy 
may  be  lost  by  its  gases  escaping  through  cracks  and  fractures  in 
the  bed.  Under  such  conditions  an  explosive  having  an  interme- 
diate rate  produces  the  most  economical  results. 

CLASSES  OF  PERMISSIBLE  EXPLOSIVES. 

In  order  that  the  user  of  explosives  may  know  the  nature  and 
characteristic  component  of  each  of  the  permissible  explosives,  and 
that  he  may  be  able  to  select  an  explosive  to  meet  a  specific  require- 
ment, the  designation  and  characteristics  of  each  class  are  given' 
below: 

Class  1,  ammonium-nitrate  explosives. — To  class  1  belong  all  the 
explosives  in  which  the  characteristic  material  is  ammonium  nitrate. 


PEEMISSIBLE   EXPLOSIVES.  13 

The  class  is  divided  into  two  subclasses.  Subclass  a  includes  every 
ammonium-nitrate  explosive  that  contains  a  sensitizer  that  is  itself 
an  explosive.  Subclass  b  includes  every  ammonium-nitrate  explosive 
that  contains  a  sensitizer  that  is  not  in  itself  an  explosive.  The 
ammonium-nitrate  explosives  of  subclass  a  consist  principally  of 
ammonium  nitrate  with  small  percentages  of  nitroglycerin,  nitrocel- 
lulose, or  nitrosubstitution  compounds  which  are  used  as  sensitizers. 
The  ammonium-nitrate  explosives  of  subclass  b  consist  principally  of 
ammonium  nitrate  with  small  percentages  of  resinous  matter  or 
other  nonexplosive  substances  used  as  sensitizers. 

All  of  the  ammonium-nitrate  explosives  readily  absorb  moisture 
from  the  atmosphere,  and  great  care  should  be  taken  in  storing  them 
or  in  using  them  in  damp  places.  They  are  not  suitable  for  use  in 
wet  mines.  If  in  such  mines  a  cartridge  of  an  ammonium-nitrate 
explosive  is  opened  and  its  contents  exposed  for  only  a  few  hours  to 
the  damp  atmosphere,  the  explosive  may  deteriorate  and  later  fail 
to  detonate  completely.  The  ammonium-nitrate  explosives  when 
stored  in  well-ventilated  magazines  for  only  a  few  months  have  shown 
signs  of  deterioration.  For  this  reason  the  ammonium-nitrate  explo- 
sives should  be  obtained  in  a  fresh  condition  and  should  be  used  as 
soon  as  possible  after  their  receipt.  When  fresh,  these  explosives,  if 
properly  detonated,  have  the  advantage  of  producing  only  small 
quantities  of  poisonous  and  inflammable  gases,  and  are  adapted  for 
mines  that  are  not  unusually  wet,  and  also  for  mines  and  working 
'places  that  are  not  well  ventilated. 

Class  2,  Tiydrated  explosives. — To  class  2  belong  all  explosives  in 
which  salts  containing  water  of  crystallization  are  the  characteristic 
materials.  The  explosives  of  this  class  are  somewhat  similar  in  com- 
position to  the  ordinary  low-grade  dynamites,  except  that  one  or  more 
salts  containing  water  of  crystallization  are  added  to  reduce  the  flame 
temperature.  They  are  easily  detonated,  produce  only  small  quanti- 
ties of  poisonous  gases,  and  most  of  them  can  be  used  successfully  in 
damp  working  places. 

Class  3,  organic  nifrate  explosives. — To  class  3  belong  all  the  explo- 
sives in  which  the  characteristic  material  is  an  organic  nitrate  other 
than  nitroglycerin.  The  permissible  explosives  listed  under  class  3 
are  nitrostarch  explosives.  They  produce  small  quantities  of  poison- 
ous gases  on  detonation. 

Class  4,  nitroglycerin  explosives. — To  class  4  belong  all  the  explo- 
sives in  which  the  characteristic  material  is  nitroglycerin.  These 
explosives  contain  free  water  or  an  excess  of  carbon,  which  is  added  to 
reduce  the  flame  temperature.  A  few  explosives  of  this  class  contain 
salts  that  reduce  the  strength  and  shattering  effect  of  the  explosives 
on  detonation.  The  nitroglycerin  explosives  have  the  advantages 
of  detonating  easily  and  of  not  being  readily  affected  by  moisture. 
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On  detonation  some  of  them  produce  poisonous  and  inflammable 
gases  equal  in  quantity  to  those  produced  by  black  blasting  powder, 
and  for  this  reason  they  should  not  be  used  in  mines  or  working 
places  that  are  not  well  ventilated. 

PUBLICATIONS  ON  MINE  ACCIDENTS  AND  TESTS  OF  EXPLOSIVES. 

A  limited  supply  of  the  following  publications  of  the  Bureau  of 
Mines  is  temporarily  available  for  free  distribution.  Requests  for 
all  publications  can  not  be  granted,  and  applicants  should  select  only 
those  publications  that  are  of  especial  interest  to  them.  All  requests 
for  publications  should  be  addressed  to  the  Director,  Bureau  of 
Mines,  Washington,  D.  C. 

Bulletin  15.  Investigations  of  explosives  used  in  coal  mines,  by  Clarence  Hall, 
W.  0.  Snelling,  and  S.  P.  Howell,  with  a  chapter  on  the  natural  gas  used  at  Pittsburgh, 
by  G.  A.  Burrell,  and  an  introduction  by  C.  E.  Munroe.     1911.     197  pp.,  7  pis.,  5  figs. 

Bulletin  17.  A  primer  on  explosives  for  coal  miners,  by  C.  E.  Munroe  and  Clarence 
Hall.  61  pp.,  10  pis.,  12  figs.  Reprint  of  United  States  Geological  Survey  Bulletin 
423. 

Bulletin  20.  The  explosibility  of  coal  dust,  by  G.  S.  Rice,  with  chapters  by  J.  C.W. 
Frazer,  Axel  Larsen,  Frank  Haas,  and  Carl  Scholz.  204  pp.,  14  pis.,  28  figs.  Reprint 
of  United  States  Geological  Survey  Bulletin  425. 

Bulletin  46.  An  investigation  of  explosion-proof  mine  motors,  by  H.  H.  Clark. 

1912.  44  pp.,  6  pis.,  14  figs. 

Bulletin  51.  The  analysis  of  black  powder  and  dynamite,  by  W.  0.  Snelling  and 
C.  G.  Storm.     1913.     80  pp.,  5  pis.,  5  figs. 

Bulletin  52.  Ignition  of  mine  gases  by  the  filaments  of  incandescent  electric  lamps, 
by  H.  H.  Clark  and  L.  C.  Ilsley.     1913.     31  pp.,  6  pis.,  2  figs. 

Bulletin  56.  First  series  of  coal-dust  explosion  tests  in  the  experimental  mine,  by 
G.  S.  Rice,  L.  M.  Jones,  J.  K.  Clement,  and  W.  L.  Egy.  1913.  115  pp.,  12  pis., 
28  figs. 

Bulletin  59.  Investigations  of  detonators  and  electric  detonators,  by  Clarence 
Hall  and  S.  P.  Howell.     1913.     73  pp.,  7  pis.,  5  figs. 

Bulletin  66.  Tests  of  permissible  explosives,  by  Clarence  Hall  and  S.  P.  Howell, 

1913.  313  pp.,  1  pi.,  6  figs. 

Bulletin  68.  Electric  switches  for  use  in  gaseous  mines,  by  H.  C.  Clark  and  R.  W. 
Crocker.     1913.     40  pp.,  6  pis. 

Bulletin  69.  Coal-mine  accidents  in  the  United  States  and  foreign  countries,  com- 
piled by  F.  W.  Horton.     1913.     102  pp.,  3  pis.,  40  figs. 

Technical  Paper  6.  The  rate  of  burning  of  fuse  as  influenced  by  temperature  and 
pressure,  by  W.  O.  Snelling  and  W.  C.  Cope.     1912.     28  pp. 

Technical  Paper  7.  Investigations  of  fuse  and  miners'  squibs,  by  Clarence  Hall 
and  S.  P.  Howell.     1912.     19  pp. 

Technical  Paper  11.  The  use  of  mice  and  birds  for  detecting  carbon  monoxide 
after  mine  fires  and  explosions,  by  G.  A.  Burrell.     1912.     15  pp. 

Technical  Paper  12.  The  behavior  of  nitroglycerin  when  heated,  by  W.  O.  Snell- 
ing and  C.  G.  Storm.     1912.     14  pp.,  1  pi.,  2  figs. 

Technical  Paper  13.  Gas  analysis  as  an  aid  in  fighting  mine  fires,  by  G.  A.  Burrell 
and  F.  M.  Seibert.     1912.     16  pp.,  1  fig. 

Technical  Paper  17.  The  effect  of  stemming  on  the  efficiency  of  explosives,  by 
W.  O.  Snelling  and  Clarence  Hall.     1912.     20  pp.,  11  figs. 
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Technical  Paper  18.  Magazines  and  thaw  houses  for  explosives,  by  Clarence  Hall 
and  S.  P.  Howell.     1912.     34  pp.,  1  pi.,  5  figs. 

Technical  Paper  21.  The  prevention  of  mine  explosions,  report  and  recommen- 
dations, by  Victor  Watteyne,  Carl  Meissner,  and  Arthur  Desborough.  12  pp.  Reprint 
of  United  States  Geological  Survey  Bulletin  369. 

Technical  Paper  30.  Mine-accident  prevention  at  Lake  Superior  iron  mines,  by 
D.  E.  Woodbridge.     1913.     38  pp.,  9  figs. 

Technical  Paper  39.  The  inflammable  gases  in  mine  air,  by  G.  A.  Burrell  and 

F.  If.  Seibert.     1913.     24  pp.,  2  figs. 

Technical  Paper  40.  Metal-mine  accidents  in  the  United  States  during  the  calen- 
dar year  1911,  compiled  by  A.  H.  Fay.     1913.     54  pp. 

Technical  Paper-  43.  The  influence  of  inert  gases  on  inflammable  gaseous  mix- 
ture, by  J.  K.  Clement.     1913.     24  pp.,  1  pi.,  8  figs. 

Technical  Paper  44.  Safety  electric  switches  for  mines,  by  H.  H.  Clark.  1913. 
8  pp. 

Technical  Paper  46.  Quarry  accidents  in  the  United  States  during  the  calendar 
year  1911,  compiled  by  A.  H.  Fay.     1913.     32  pp. 

Technical  Paper  47.  Portable  electric  mine  lamps,  by  H.  H.  Clark.     1913.    13  pp. 

Technical  Paper  48.  Coal-mine  accidents  in  the  United  States,  1896-1912,  with 
monthly  statistics  for  1912,  compiled  by  F.  W.  Horton.     1913.     74  pp.,  10  figs. 

Technical  Paper  52.  Permissible  explosives  tested  prior  to  March  1,  1913,  by 
Clarence  Hall.     1913.     11  pp. 

Technical  Paper  59.  Fires  in  Lake  Superior  iron  mines,  by  Edwin  Higgins. 
1913.     34  pp.,  2  pis. 

Technical  Paper  61.  Metal-mine  accidents  in  the  United  States  during  the  calen- 
dar year  1912,  compiled  by  A.  H.  Fay.     1913.     76  pp.,  1  fig. 

Technical  Paper  62.  Relative  effects  of  carbon  monoxide  on  small  animals,  by 

G.  A.  Burrell,  F.  M.  Seibert,  and  I.  W.  Robertson.     1914.     23  pp. 

Technical    Paper  67.  Mine  signboards,  by  Edwin  Higgins  and  Edward  Steidle. 

1913.  15  pp.,  1  pi.,  4  figs. 

Technical  Paper  71.  Permissible  explosives  tested  prior  to  January  1,  1914,  by 
Clarence  Hall.     1914.     12  pp. 

Technical  Paper  77.  Report  of  the  Committee  on  Resuscitation  from  Mine  Gases, 
by  W.  B.  Cannon,  G.  W.  Crile,  Joseph  Erlanger,  Yandell  Henderson,  and  S.  J.  Meltzer. 

1914.  36  pp.,  4  figs. 

"  Technical  Paper  92.  Quarry  accidents  in  the  United  States  during  the  calendar 
year  1913,  compiled  by  A.  H.  Fay.     1914.     76  pp. 

Technical  Paper  94.  Metal-mine  accidents  in  the  United  States  during  the  cal- 
endar year  1913,  compiled  by  A.  H.  Fay.     1914.     73  pp. 

Miners'  Circular  4.  The  use  and  care  of  mine-rescue  breathing  apparatus,  by 
J.  W.  Paul.     1911.     24  pp.,  5  figs. 

Miners'  Circular  5.  Electrical  accidents  in  mines,  their  causes  and  prevention, 
by  H.  H.  Clark,  W  D.  Roberts,  L.  C.  Ilsley,  and  H.  F.  Randolph.  1911.  10  pp., 
3  pis. 

Miners'  Circular  7.  Use  and  misuse  of  explosives  in  coal  mining,  by  J.  J.  Rut- 
ledge,  with  a  preface  by  J.  A.  Holmes.     1913.     52  pp.,  8  figs. 

Miners'  Circular  8.  First-aid  instructions  for  miners,  by  M.  W.  Glasgow,  W.  A. 
Raudenbush,  and  C.  O.  Roberts.     1913.     67  pp.,  51  figs. 

Miners'  Circular  10.  Mine  fires  and  how  to  fight  them,  by  J.  W.  Paul.  1912. 
14  pp. 

Miners'  Circular  11.  Accidents  from  mine  cars  and  locomotives,  by  L.  M.  Jones. 
1912.     16  pp. 
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Miners'  Circular  12.  The  use  and  care  of  miners'  safety  lamps,  by  J.  W.  Paul. 
1913.     16  pp.,  4  figs. 
Miners'  Circular  13.  Safety  in  tunneling,  by  D.  W.  Brunton  and  J.  A.  Davis. 
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